Recently, unmanned aircrafts for safe measurement in hazardous locations have been developed. In a method of operation of unmanned aircraft vehicles (UAV), there are two methods of manual control and automatic control. Small UAVs are used for low altitude surveillance flights where unknown obstacles can be encountered. Obstacle avoidance is one of the most challenging tasks which the UAV has to perform with high level of accuracy. In this study, we used a laser range finder as an obstacle detector in automatic navigation of unmanned aircraft to patrol the destination automatically. We proposed a system to avoid obstacles automatically by measuring the angle and distance of the obstacle using the laser range finder.
Introduction
The Unmanned Aerial Vehicle (UAV) is an emerging technology being adapted for use in a wide range of applications such as remote sensing, scientific research, and search and rescue since it is a unmanned aircraft controlled by radio remote control autonomous flight. Hence, it is suitable for UAVs to operate in disaster areas for monitoring, observing, and gathering needed information for rescue teams 
Experimental Apparatus and Method
A UAV is often divided into two categories of fixed-wing aircraft and rotary-wing aircraft. The fixed-wing aircraft is a general plane with fixed wings and its wings are stiffly attached to the craft.
The rotary-wing aircraft is similar to a helicopter and the top blade rotates to gain propulsion.
The fixed-wing aircraft has a simple structure. Its maximum speed is fairly high and has advantage of high altitude flight. On the other hand, as the rotary-wing aircraft is able to take off and land vertically, the hovering of the rotary-wing aircraft is possible. And it is easier to control than the fixed-wing aircraft because it is able to move about in all directions. Therefore in this study, we used a quad rotor helicopter (QRH).
The Assembled UAV
QRH used in this study is shown in Figure 1 . The QRH has four rotors of substantially equal diameters located at the four corners of a rectangle. The assembled QRH consists of APM2 controlling panel, which adjusts PID control, and LPF to detect obstacles.
To control the aircraft, we used the transmitter. l
By receiving PWM signals of the throttle, roll, pitch, yaw from transmitter, APM2 can be precisely controlled the motor through PID control as shown in The aircraft requires a system that can revert to the original path after successfully avoiding the obstacle as shown in Figure 10 . If the aircraft is moving straight forward and is confronted with obstacles, the aircraft will detect and decide where to avoid.
After avoiding the barrier, it needs to go back to the original path to go to the destination. In this study, we used counting function in order to figure out how much the craft will move to the avoiding direction, while the aircraft was avoiding. During avoiding, MCU saves numbers at every 100ms of specific number lines. After that, when it finishes to avoid the obstacle, the aircraft checks how much distance it was far away from the original path by counting number lines and then it makes moving the same distance back to the original path as equal as counting number. There are the data (①) that flies straight to the first destination, the avoiding direction data (②, ③) and the data (④) for returning to the destination.
Data of ① can be recognized by analyzing the date of the pitch movement which is the movement of the craft to move forward. Figure 11 shows the attitude value of the pitch and Figure 12 is the output value An obstacle avoidance system of an unmanned aerial vehicle using a laser range finder
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In the case of pitch movement, the output of motor 2 is more higher than that of motor 1 in the 30~40
range of x-axis as shown in Figure 11 . That the output of motor 2, which is located in the backside, is high means that the aircraft is proceeding forward. In these range, the aircraft has the movement of section ① in Figure 10 . In the section of data (②) for avoiding, it is the movement for the left-side and the right-side. There is no difference in movement between motor 1 and motor 2 in the range of 40~46.
Lastly, in the section of data (③) after avoiding obstacles, the aircraft flies straight to the destination.
The plane finishes avoidance of obstacles at 46 position of the x axis and then the output value of motor 2 is more higher than that of motor 1 as shown in 
Conclusion
In this study, we proposed a system to avoid obstacles automatically by measuring the angle and distance of the obstacle. We used a laser range finder as an obstacle detector to navigate to the destination automatically. By using LRF devices, the proposed system can observe a large range of flight path and decide on the safest avoiding direction depending on the location of the barrier. The selector system is also used to control the craft in the case of emergencies and to increase safety of avoidance. The automatic avoiding algorithm used in this study can be well applied in the case of complicated forms, random obstacles. And in the case of unavoidable obstacles, the aircraft can safely avoid by using hovering.
Although we didn't do experiment for reverting back to the original path, we can achieve our target by making a modified QRH system for yaw control.
